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Previous studies of the action of LiBr on
human skin have indicated that concentrated
solutions of this salt decrease the forces of cohe-
sion between epidcrmal cells, apparently due to a
rather specific effect upon cpithelial bridges
(1—4). Electron microscopy has shown that these
bridges are in reality not continuous structures,
but arc composed of projections extending from
each of any two connected cells. At the point of
contact between two such projections a space
exists which is demonstrable with the electron
microscope (5, 6). At this point, continuity is
believed to be established by a cementing sub-
stance the exact chemical nature of which is as
yet unknown. Histochcmical studies have
shown that the epithclial bridges are stained
intensely by the Hale-technic (7, 8). The stained
material covers the surface of both cpidermal
cells and bridges and is possibly identical with
the aforementioned cementing substance (8).
It is generally believed that this reaction stains
acid mucopolysaccharidcs predominantly, how-
ever, it is known that nonspecific staining can
occur (9). Alcian blue stains similar molecules
(9). Further, Braun-Falco and Wcbcr were able
to demonstrate by biochemical technics that the
major components of acid mucopolysaccharidcs
are present in human epidermis (8).
As acantholysis is most accurately defined as a
loss of contact between cpithclial cells (11), it
would seem that a likely mechanism for such
separation might well be the breakdown of the
cementing substance previously mentioned.
The ability to split hydrogen bonds is an
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important property of concentrated solutions of
LiBr (12). Since the cohesion between acid
mucopolysaccharidc and protein is assumed to
be partially due to the integrity of hydrogen
bonds between these two types of large molecules
(13), it appeared possible that exposure of skin
to solutions of LiBr would initiate acantholysis.
Concomitant liberation of free acid mucopoly-
saccharidc from both the corium and the epi-
dermis might also be expected to occur. Other
compounds which disrupt hydrogen bonds, for
example, urea, should produce similar changes.
We chose to work with LiBr because the effect
of urea on the skin is both more intense and more
rapid than that of LiBr (1, 14), making it more
difficult to follow the temporal sequence of any
changes that occur. Acantholysis induced by
cantharidin is probably due to a different mecha-
nism and will not be discussed here (15).
In addition, it seemed of interest to study by
histochcmical methods the nature of any sub-
stance extracted from the skin during incubation
with LiBr. It has been shown that exposure of
epidermis to a 75 per cent solution of LiBr causes
the extraction of a protein which Roe was able
to characterize partially by histochemical and
other techniques (4, 3). She theorized that the
extracted substance was a kcratin precursor.
Matoltsy and Herbst, however, found that the
material extractable from the epidermis by urea
was "very similar in quantity as well as in
chemical composition to the material which is
extractable with any common solvent of protein"
(14). Such evidence casts doubt on the specificity
of any protein derived from the skin by incuba-
tion with LiBr or any other chemical which acts
by disrupting hydrogen bonds. Finally, because
of the proved "salting-out" effect on proteins of
neutral salts in high concentration, it is open to
question whether or not the disrupting effect on
hydrogen bonds is really the primary action of
the salt. It has not been disproved that this
phenomenon is actually a secondary reaction due
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to rapid dehydration of protein which may cause
enough spatial molecular distortion to rupture
these relatively weak bonds by mechanical
forces alone. Because of these uncertainties, a
few remarks concerning the nature and behavior
of LiBr and related electrolytes seem pertinent.
LiBr has been used for both experimental and
therapeutic purposes (12, 1—4, 16, 17). In 1953,
Alexander published a review of his studies of the
effect of concentrated solutions of LiBr on wool
fibers (12). He found that solutions of LiBr in the
concentration range 50—75 per cent by weight pro-
duced reversible contraction of wool fibers provided
that the pH is kept near 7.0. In his opinion, the
observed effect was mainly due to the ability of
LiBr to split hydrogen bonds. These are weak
linkages, considerably more dependent upon
electrostatic forces than are covalent bonds (18).
The average bond energy of a covalent bond
joining two carbon atoms is 20 times greater than
that of a hydrogen bond (18). Hydrogen bonds are
readily disrupted when in contact with concen-
trated solutions of highly polar molecules. LiBr,
as do all alkali halides, has a marked capacity to
bind water (19). In a multiphasic system composed
of such a salt in high molarity, various colloids
and water, the salt causes a relative water deficit
thereby competing with the colloids for water
(20, 21, 49). Assuming this competition for water
is sufficiently strong, water is extracted from the
colloids (21, 22). It is apparent, then, that the
role of LiBr in such a system can be assumed by
any salt having a strong water-binding capacity.
Naturally such salts may have either a stronger
or weaker tendency towards such behavior than
does LiBr, depending upon both the nature of the
salt and that of the colloid. Further, such high
salt concentrations as were used in the experiments
of both Alexander and ourselves make it probable
that these salts were incompletely dissociated.
Closely related salts in aqueous solutions of the
same molarity may well be dissociated to different
degrees (23). There is little validity, then in
a comparison of the effects on protein of equi-
molar solutions of similar salts because the ionic
strengths of these solutions may differ markedly.
Osmolarity is measured by the parameter of ionic
strength (t = mZ2)' rather than by mo-
larity for the reason given above. From this
formula, it is clear that osmolarity is more de-
* p = ionicstrength
m = molarityZ = valence of ion in question
= means simply that all mZ2 values for
the salt used are added
pendent upon the valencies of the ions in solution
than any other factor. It is also apparent, how-
ever, that the number of available ions in solution
is partially dependent upon the degree of dissocia-
tion of the salt being studied, as well as the electro-
static charges of any protein present. This point
is emphasized because it is known that the water-
binding capacity and hence some of the effects of
concentrated salt solutions on cutaneous proteins
are partially dependent upon osmolarity of the
salt.
In view of the high concentrations of the salt
solutions used in our experiments, it is apparent
that no conclusions can be drawn about the effect
of electrolytes on skin under physiological condi-
tions. Rather, it was our intention to clarify the
sequence of events observed when human skin
is exposed to strong forces that cause both rapid
dehydration of proteins and effective disruption
of hydrogen bonds.
MATERIAL5 AND METHOD5
A. Source and Preparation of Material
Clinically normal skin was obtained from
patients undergoing surgery. Most specimens
were from the abdomen, but a few were taken
from radical mastectomy specimens. All material
was obtained without the use of local anaesthesia.
Prior to incubation, the skin was cut into small
pieces which varied from 2 to 4 mm. in thickness.
Specimens containing only epidermis and stratum
subpapillare were obtained by stretching the skin
and then undercutting the superficial layers with
a scalpel. Following incubation, material was
fixed in 10 per cent formalin and imbedded in
paraffin in the routine manner. Formalin fixed con-
trols of unincubated skin were used.
B. Incubation Conditions
Specimens, obtained in the above manner, were
incubated for periods of 2, 5, 10, 15, 20, 30, 60, 120
and 180 minutes in a solution of 6.6 M LiBr at
room temperature.
When a large amount of LiBr is added to a rela-
tively small volume of water the final volume of
the solution exceeds considerably the original
volume of the solvent. The concentration of 6.6 M
is that of a solution consisting of 75 gm. LiBr
dissolved in 100 cc water. Whenever possible, we
have expressed solute concentration in terms of
molarity. The term "per cent solution" is occa-
sionally used for the purpose of clarification, as
earlier publications on the subject expressed con-
centration only in this manner.
Some specimens were incubated for 60 minutes
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in solutions of 0.5, 1.0, 2.0 and 3.0 M LiBr, while
still others were exposed for both 60 and 120
minutes to 8.2 M LiBr (100 gms of LiBr dissolved
in 100cc of water).
Some pieces of skin were frozen prior to incu-
bation and stored at —28° C for a time ranging
from 30 minutes to 14 hours. Others were incu-
bated in a solution which was 0.002 M in HgC12
as well as 6.6 M in LiBr in order to prevent the
possibility that any changes observed were due to
the action of sulfhydril-dependent enzymes (15).
A few specimens were fixed in 10% formalin before
incubation with 6.6 M LiBr.
In addition 6 , sections prepared in a cryostat
were exposed to solutions of 1.0 M, 2.0 M, 3.0 M,
4.0 M and 6.6 M LiBr, as well as to solutions of
saturated NaC1, 9.6 M MgCl, and 4.0 M MgBr2,
under direct microscopic examination, using
ordinary and polarized light as well as phase con-
trast microscopy.
C. Histologic and Histochemical Methods Used
The following staining reactions were per-
formed: hematoxylin-eosin; Heidenhain's iron-
hematoxylin; cresyl violet; orcein for elastic
fibers; Bielsehowshy's stain for reticulin fibers;
peracetie acid-Schiff reaction for disulfide groups;
performic acid-alcian blue according to Adams
and Sloper which probably demonstrates disulfide
groups (9); aleian blue-PAS by the method of
Runge, Ebner and Lindenschmidt (24); Mueller's
modification of the Hale-PAS stain; Mayer's
thionine method (25) with ribonuelease controls;
the Feulgen reaction; the ninhydrin-Sehiff reac-
tion (26), and Barrnett and Seligman's method for
sulfhydril groups. The PAS reaction was also per-
formed after pre-treatment of specimens with
testicular hyaluronidase (300 units per 100 cc for
12 hours at 37° C), diastase (0.5% for 12 hours at
37° C), trypsin (0.1% for 1 hour at room tempera-
ture and pH 7.6), pepsin (0.1% for 3 hours in 0.1 N
HC1 at 37° C), and acetylation including controls
according to MeManus and Cason (9). Nuclear
staining by the Feulgen reaction was enhanced by
dipping the sections into distilled water at a
temperature of 60° C for one second prior to the
hydrolysis step. In none of our Feulgen reactions
was any nonspecific staining observed.
RESULTS
Our experiments revealed that incubation of
human shin in solutions of 6.6 and 8.2 M LiBr
caused profonnd changes in both the epidermis
and the corium. These changes differ from those
observed when the incubation is carried out in
solutions 3.0 M or less in LiBr. When the coneen-
tration of LiBr exceeds 6.6 M, these effects
appear to be dependent upon incubation time
rather than further increase in molarity.
With 6.6 and 8.2 M LiBr solutions, experi-
mental results were remarkably reproducible.
An incubation time of at least thirty minutes was
necessary in order to obtain histologic evidence
of penetration of the entire eorium by LiBr,
although changes began to appear in the pe-
ripheral areas of the specimen after only two
minutes.
Incubation in 6.6 M LiBr caused both shrink-
age of the eorium and coagulation of connective
tissue. Concomitantly, the eorium assumed an
homogenous appearance. Following incubation,
the material located between collagen fibers that is
ordinarily stained by both aleian blue and the
Hale technic (7, 27) usually could not be (lemon-
strated. The resistance of this material to LiBr
was variable. Remnants were occasionally found
even after incubation for three hours. The stain-
able material located around both blood vessels
and the aeini of eeerine sweat glands was con-
siderably more resistant to the effect of LiBr than
was similar material located between the collagen
fibers. In fact, it was our impression that in those
locations incubation actually increased the total
amount of such material present. Elastic fibers
were disrupted but remained demonstrable.
Stains for retieulin fibers gave equivocal results.
Further studies of the effect of LiBr on these
fibers are in progress. After incubation in 6.6 M
LiBr, the eorium also stained less intensely with
the ninhydrin-Sehiff reaction than that of the
control sections.
Under direct microscopic examination with
polarized light, the double-refractility of the
collagen fibers in the eorium of unfixed sections
disappeared almost completely immediately
after incubation in 6.6 M LiBr (Figures 1 and 2).
Pronounced and rapid sbrinhage of the eorium
caused the epidermis to be pulled toward the
center of the section. As a result, it became
thicker and the individual epithelial cell became
both taller and more narrow (Figure 2). Because
of the inability of the epidermis to contract as
rapidly as the eorium, these forces frequently
caused intraepidermal clefts, especially toward
each end of the section. Further, the discrepancy
between the rates of contraction of the epidermis
and the eorium caused a shearing effect which
resulted in separation at the dermal-epidermal
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FIG. 1. Normal skin as seen under polarized light (Fixation Formalin; Hematoxylin Eosin; X SO).
Note: All sections shown in the photomicrographs are made from paraffin embedded material.
FIG. 2. Section from the same specimen as seen in Figure 1 following exposure to 6.6 M LiBr for one
hour. The double refractility of collagen fibers in the corium is diminished and they show a different
arrangement. The increased thickness of the epidermis is due to shrinkage of the corium. The double-
refractility of keratin is preserved (Hematoxylin Eosin; >< 80).
FIG. 3. Normal epidermis with pronounced pigmentation. Note the stained "bridges" between the
epithelial-cells. The nuclei are pale green in color, indicating the presence of DNA (Hale-PAS-technic;
X 2000).
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FIG. 4. Normal epidermis as seen in Figure 3 under higher magnification. Note the intensely blue
stained material between the cells, indicating the presence of intact epitbelial bridges. The granules
(arrow) are artefacts (Hale-PAS-technic; X 4400).
FiG. 5. Skin exposed to 6.6 M LiBr for 15 minutes. Compare with Figure 3. The distribution of nuclear
chromatin is completely changed. The clear-space around the nuclei is only partially caused by shrink-
age. Material has been extracted from nuclei and from the perinnclear cytoplasm. The Hale-positive
material between the epithelial cells (arrow) is preserved, indicating intact epithelial "bridges" (Hale-
PAS-technic; )< 2000).
FIG. 6. Skin exposed to 6.6 M LiBr for 30 minutes. Liquefaction of groups of cells in the deeper epi-
dermis is seen. Both ectoplasm and epithelial "bridges" are preserved (arrow) in the presence of lique-
faction of the entire cell. Vesicles are found immediately above the PAS-positive basement mem-
brane (Hale-PAS-technic; X 1280).
FIG. 7. Skin exposed to 6.6 M LiBr for 60 minutes. Note the severe damage to the epithelial cells.
The epithelial bridges are preserved (arrows) (ilale-PAS-technic, Phase contrast; X 1000).
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FIG. 8. Vesicle produced by liquefaction of epidermal cells in the upper epidermis after incubation
in 6.6 LiBr for 60 minutes. The epithelium reveals signs of compression. Sudden contraction of the
corium causes separation of some epidermal cells from each other, resembling acantholysis (Hema-
toxylin-Eosin; X 320).
FIG. 9. Subepidermal bulla formed after exposure to 6.6 M LiBr for 60 minutes. Note the PAS-positive
material in the bulla. The thickened basement membrane clearly separates the cavity from the corium.
Some nuclear remnants are present within the blister. Shearing forces at the dermal-epidermal junction
cause the formation of this type of subepidermal bulla (Hale-PAS-technic; X 200).
FIG. 10. Borderline between a bulla of the type seen in Figure 9 and the preserved epithelium. At the
left arc nuclear debris and remnants of the epithelial bridges (arrow) within the blister. On the right
arc intact epithelial "bridges" between cpithelial cells as seen immediately before complete liquefaction(right arrow) (Hnle-PAS-tcchnic; 1 hour exposure to 6.6 M LiBr; X 700).
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FIG. 11. Subepidermal hulla after 1 hour exposure to 8.2 M LiBr filled with a material which reacts
strongly with the Barrnett and Seligman technic for sulfhydril-groups. Notice the unusually lntense
reaction of the entire epidermis (X 130).
junction. In incubated specimens consisting
only of epidermis and stratum subpapillare, this
change was less conspicuous.
Incubation of skin in 6.6 and 8.2 M LiBr
caused the appearance of a perinuclear clear-space
in epithclial cells which resembled perinuclear
edema (Figure 5). This finding was only partly
due to nuclear shrinkage. In addition, the remain-
ing cytoplasm ceased to stain with either alcian
blue or the Hale-technique. The same also
appears true for like-staining substances of the
epithelial bridges, but not for those which cover
the epithelial cell and comprise the contacts
between the cells. On the contrary, in these loca-
tions this material was extremely resistant to
LiBr and disappeared only in the case of lysis of
an entire cell complex (Figures 5, 6, 7, 10). The
epithelial bridges also remain visible after incu-
bation in 6.6 and 8.2 M LiBr for 1, 2 and 3 hours
when stained with iron-hematoxylin, ninhydrin-
Schiff, and PAS, or when studied by phase con-
trast microscopy.
In addition, in some areas an cosinophilic
material, homogenous in appearance, was found
within intraepidermal blisters. These spaces are
formed by the liquefaction of groups of epithelial
cells. Similar material appeared in subepidermal
bullae localized between the PAS positive base-
ment membrane and the epidermis (Figure 9).
The surrounding epithelium was at times intact,
while on other occasions groups of epidermal
cells were liquefied. Occasionally a large sub-
epidermal bulla was covered by a relatively
Fro. 12. Pronounced intercellular edema with
complete isolation of single cells after incubation
in 1.0 (!) M LiBr (10% solution in water by weight)
for 45 minutes. The epidermis covers a scar. Ar-
rows indicate intact epithelial "bridges" (Hema-
toxylin-Eosin; X 640).
intact, atrophic epidermis. At times, these
vcsicle.s and bullae occurred after 30 minutes of
incubation in 6.6 M LiBr, but more often 60
minutes incubation was necessary. Even after
one hour, however, they did not appear in every
experiment. With longer incubation, blisters and
vesicles were a consistent finding.
Frequently the substance within the intra-
epidermal vesieles and subepidermal bullae was
completely homogeneous, but equally often it
contained small round vacuoles. The material
was slightly cosinophilic. It stained with PAS
(Figure 9), and usually did not stain with the
Hale-technic or with alcian blue. At the periphery
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of such bulla, nuclear remnants were ohserved
as were small particles which possibly were
remnants of intraepithelial bridges (Figure 10).
The particles interpreted as nuclear debris
stained green with the Hale-technic, indicating
the presence of desoxyrihonueleie acid. The
homogeneous material in vesieles and bullae
reacted intensely with the method of Barrnett
and Seligman for the demonstration of sulfhydril
groups (Figure 11). No specific reaction with the
peraeetie aeid-Schiff reaction occurred, It was
stained slightly with thionin, but the color
remained present after pretreatment with ribo-
nuelease. The PAS reaction was blocked by
aeetylation, but could be restored by treating
the aeetylated sections with alkali. The sub-
stance was not acted upon by diastase, testicular-
byaluronidase or pepsin. It was partially digested
by trypsin.
Fixation in formalin before incubation in 6.6 M
LiBr effectively prevented the changes described
above, whereas the presence of 2 x I0 M
HgC12 or previous freezing had no effect.
With LiBr in concentrations of 3.0 M or less,
variable phenomena were observed which will
not be discussed in detail in this publication,
although a few findings will be mentioned. The
major result of incubation of skin in 1.0 M LiBr
was the occurrence of both inter- and intra-
cellular edema in the epidermis. In rare instances,
1.0 M solutions caused the isolation of epidermal
cells which closely resembled true acantholysis
(Figure 12). These cells were generally located
at either end of the incubated section and are
most likely the result of other factors, for in-
stance, trauma in obtaining the biopsy specimen.
In the one series of sections, in which such
changes were most marked, there was microscopic
evidence of scarring (Figure 12), indicating that
the original specimen was not entirely normal.
Such findings differed completely from those
seen in skin incubated in more concentrated
solutions of LiBr. Marked shrinkage of single
epidermal cells was noted when the incubation
medium contained 2.0—3.0 M LiBr. The cyto-
plasm assumed a characteristic stellate shape,
while the nuclei suffered little change.
Exposure of unfixed sections of skin to solu-
tions of LiBr of concentrations in excess of 3.0 M
consistently caused both rapid shrinkage of the
corium and the loss of double refraetility already
described. The epidermis was lifted away from
the eorium in the center of the sections. Lil3r
solutions of exactly 3.0 M cause similar changes
at times, but not in every experiment. Lower
concentrations did not have significant rapid
effects on connective tissue. MgBr2 (4.6 M)
caused these changes as readily as did 6.6 M
LiBr. Even 9.6 M MgCl2 caused no shrinkage
but did reduce the double refraetility of collagen
fibers. NaBr (6.6 M) acted similarly to equimolar
LiBr, but the reaction proceeded more slowly
than with MgBr2 or LiBr.
nIseUsSION
Our results confirm those of Alexander (12) in
showing that the effects of LiBr on protein are
dependent upon the concentration used. The
difference of activity becomes manifest in the
concentration range of 4 to 6 M. These findings
were to be expected as LiBr is a representative
of a group of salts which all have strong water
binding capacity (see introduction). LiBr acts
both directly and indirectly upon the epidermis.
The indirect action is caused by the marked
shrinkage of the eorium that occurs during incu-
bation. This shrinkage transmits a centrally-
directed force to the epidermis which causes the
epidermal cells to be pressed together (Compare
Figure 1 and 2). Because of the lack of ability of
epidermis to contract as rapidly as the corium,
vertically directed cleavages occur in it (Figure
8). This finding may resemble true aeantholysis
at times, but the mechanism of the two processes
is different since the separation of the cells in our
experiments is caused by mechanical forces. Also
due to the difference in the rates of contraction
of epidermis and eorium when exposed to LiBr
is a shearing effect that occurs at the dermal-
epidermal junction, frequently resulting in a
separation of the two structures (Figure 9 and
ii). This separation occurs on the epidermal side
of the PAS-positive basement-membrane (Figure
9) as is the ease of subepidermal bullae seen in
bullous dermatoses (28). Such findings indicate
that a process primarily involving the deeper
corium can cause the formation of subepidermal
bullae. in principle, the mechanism is the same
as that utilized to separate epidermis from
eorium by the method of Van Scott (29). It is
apparent that this mechanism cannot be com-
pared with the effect of less concentrated electro-
lytes on the basement membrane as studied by
Felsher (20). The above interpretation of findings
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in paraffin embedded sections was confirmed by
direct observation of unfixed sections exposed to
solutions 3.0 M or more in LiBr. NaBr and
MgBr2 could replace Lil-Ir in this respect. The
experiments suggest an explanation for the fact
that mild burns of the skin result in intraepider-
mal vesieles, while more severe ones cause sub-
epidermal bullae (30). Only the latter cause
sufficient trauma to the eorium to initiate any
shearing effect. Furthermore, these findings
demonstrate that the thickness of epidermis
depends partially on the status of the corium
(Figure 2). It is well-known that the thin epi-
dermis of old age is related to the loss of elasticity
of the connective tissue (31).
The direct action of 6.6 and 8.2 M LiBr on
epidermis depends upon both incubation time
and properties inherent to the tissue. The earliest
changes noted were disarrangement of nuclear
ehromatin and the appearance of a perinuelear
clear-space (Figure 5). Roe (4) interpreted this
clear-space as perinuelear edema. Our findings
suggest that it is due to a combination of nuclear
shrinkage and an actual loss of cytoplasm. In
addition, acid mueopolysaeeharides disappear
entirely from the cytoplasm. Those on the surface
of epithelial cells persist. At this point it should
be emphasized that the fact that any material is
not stained by a histoehemieal technique does
not necessarily denote its absence.
In contrast to the endoplasm, the eetoplasm
and the so-called epithelial-bridges are very
resistant to the action of LiBr (Figures 5, 6, 7,
10). Whatever the nature of the substance
stained by the Hale-technic or its relationship
to the epithelial priekles, this technique facilitates
the demonstration of these bridges. Aleian blue
gave similar results to those obtained with the
Hale-technic. Furthermore, the epithelial bridges
were demonstrable by other staining teehnies.
It is evident from our results (see Figures
1, 6, 7, 8) that the primary site of action of LiBr
is neither the epithelial bridges nor the cementing
substance responsible for their continuity. Since
LiBr disrupts hydrogen bonds in protein, the
cohesion between epithelial cells must depend
upon other types of linkages.
On the other hand, we were able to confirm
the results of Stoughton (1) who found occasional
isolated epithelial cells suggesting acantholysis.
The majority of these cells, however, resulted
from the severe mechanical disruption of the
epidermis. The fact that they were found in sec-
tions incubated in solutions of LiBr too dilute to
split hydrogen bonds (12) is compelling evidence
in favor of another mechanism (Figure 12).
Intraepidermal vesieles were due to complete
liquefaction of groups of epidermal cells. Nuclear
remnants and structures interpreted by us to be
debris of epithelial bridges and cementing sub-
stance were demonstrable at the periphery of
these blisters (Figure 10). The vesieles could be
found at any level in the epidermis. Some of them
occurred immediately over the basement mem-
brane (Figure 6), but their appearance was quite
different from that of the large subepidermal
bullae previously discussed (compare Figures 6
and 11), indicating a different genesis.
The histoehemieal behavior of the blister
contents is similar in many respects to that of
the material described by Roe (4). It was slightly
eosinophilie, ninhydrin-Schiff-positive and con-
tained protein-bound sulfhydril groups. Trypsin
partially digested the material, but it was resist-
ant to the action of pepsin. An additional finding
is the strong PAS-positivity. The histoehemical
results indicate the presence of carbohydrates
(pentoses?) bound to proteins.* It is impossible
by the methods used to be certain if the material
is entirely composed of this substance or whether
it is a mixture of protein and protein-carbohy-
drate compounds. Considering its origin, a mixture
seems more likely. The negative Feulgen-reaetion
and the behavior of the thionin stain strongly
indicate that both DNA and RNA are altered by
LiBr. The material present in large subepidermal
bullae showed no striking differences from those
described above.
It is of interest that subepidermal bulle con-
taining material similar in many respects to
blood serum can be produced in small pieces of
skin completely isolated from the circulatory
system. On occasions we found very large sub-
epidermal bullae filled with the material previ-
ously described, located beneath relatively
normal and, in one ease, even atrophic epidermis.
It is difficult to believe that the contents of these
bullae are derived strictly from the epidermis.
* The term glycoprotein has been reserved for
those compounds which contain less than 4 per
cent hexosamine (50), a possibility which cannot
he ascertained by the methods used in our experi-
ments, however, the method of Roe and Rice (9,
p.848), presumably specific for pentoses, revealed
none.
368 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
The more likely explanation is that material
extracted from the corium by LiBr appeared
within the subepidermal bullac. The marked
morphological changes in the dermis as well as
the decreased ninhydrin-Schiff reaction following
incubation supports this concept. Further, it has
been shown that the corium of the rabbit contains
considerable blood plasma which is extractable
with neutral salts (32).
Studies have shown that some blister fluid has
an clectrophoretic pattern similar to that of
blood serum (33—36). On the other hand, it con-
tains more albumin than does serum. The activity
of several enzymes in blister fluid also exceeds
that of serum (38—40), which suggests a diffusion
of enzymes from the epidermis into the fluid. Of
course enzyme activity is not necessarily depend-
ent upon the absolute amount present, since many
factors such as the presence of inhibitors and
activators may influence it. Our results contribute
further evidence that the content of vesicles
and bullae can originate in part from the epi-
dermis.
In pathologic stratum corneum, especially in
psoriatic parakeratosis but also in dyskeratotic
cells, a material has been demonstrated (41)
which behaves histochemically like the substance
extracted from normal skin by the action of
LiBr. We interpret our results as indicating that
this material is also present in normal skin.
Possibly related is the fact that in several derma-
toses, some of them characterized by bullae,
serum protein bound carbohydrates are signifi-
cantly increased (42). Our data indicate that these
compounds may well be derived from the skin,
and perhaps the epidermis alone.
The histological and histochemical findings in
the eorium after exposure to 6.6 M LiBr are
remarkably similar to those produced by heat,
which is known to split hydrogen bonds (42).
In view of the multiple effects of both types of
trauma, however, it is doubtful that the observed
changes are caused by this action alone. It should
also be emphasized again that the high molarity
of LiBr and of the other salts used in our experi-
ments does not allow direct comparison with the
results of other investigators concerning the
effect on the corium of neutral salts in lower con-
centration (44).
The most striking effects of 6.6 M and 8.2 M
LiBr on the dermis were the homogeneous
appearance after incubation (Figure 9) and the
disappearance of the material around the collagen
bundles, most probably acid mucopolysaccharide,
which is normally stained with aleian blue and
the Hale-technic (7, 27, 45). Neither effect is
necessarily related to the disruption of hydrogen-
bonds, as it has been shown that rapid extraction
of water from skin causes the appearance of
previously undemonstrable acid mueopolysac-
charides (phanerosis) (45, 27). According to
Snellman (46) the use of proteolytic enzymes is
the best method to effect the release of tissue
acid mucopolysaceharides from their protein
association. These data, as do our own, indicate
a stronger link between acid mucopolysaccharide
and protein than the hydrogen-bond alone.
The appearance of acid mucopolysaccharidc
around the sweat glands after incubation in 6.6
M LiBr, a common observation in pathologic
conditions (47), may he explained by the phe-
nomenon of phanerosis. The varying resistance
to LiBr of acid mucopolysaccharides in different
locations indicates unequal stability in their
attachment to protein. According to K. Meyer
(48) drastic methods are sometimes necessary to
extract acid mucopolysaccharidcs from tissue.
Following incubation in 6.6 and 8.2 M LiBr,
the double refractility of the collagen fibers was
markedly reduced (compare Figure 1 and 2),
but not completely destroyed. The few remaining
doubly-refractile fibers, however, are arranged
in a definite pattern (Figure 2). Tl is behavior
indicates that some structural orientation remains
even though the corium appears completely
homogeneous in stained sections.
It should be noted that previous fixation in
formalin renders the corium almost completely
resistant to the action of an agent as powerful as
LiBr. This fact points out that histochemical
studies of the effect of any substance on tissue
which has been previously fixed and imbeddcd
must be interpreted with caution.
SUMMARY
1. Pieces of freshly excised normal human skin
were incubated in LiBr solutions of different
concentrations for varying periods of time and
studied microscopically.
2. LiBr alters both epidermis and corium. The
effect on the epidermis depends more upon LiBr
concentration than incubation time. Changes in
the epidermis are caused indirectly by rapid
shrinkage of the corium and directly by liquefac-
tion of entire epithelial cells.
3. The so-called epithclial-bridgcs arc very
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resistant to the action of LiBr, especially the
Hale-positive material (acid mucopolysaccha-
rides?) which covers their surface and which
probably serves to connect one epithelial cell
with another. True acantholysis is therefore not
caused by LiBr alone, even though the behavior
of some cells may simulate this phenomenon.
4. Incubation in LiBr causes the appearance
of intraepidermal vesiclcs and subcpidcrmal
bullac containing a protein-bound carbohydrate
with the same histochemical properties as one
that is frequently seen in pathologic stratum
corncum, especially psoriatic parakcratosis. This
material, therefore, also appears to be present in
normal skin.
5. LiBr induces marked changes in the morpho-
logical and histochemical structure of the
corium, especially in doubly-refractilc collagen
bundles and acid mucopolysaccharides.
6. The rapid shrinkage of the corium caused by
LiBr is followed by the formation of subepidermal
bul]ae. This interpretation of the morphological
findings in paraffin-embedded sections was con-
firmed by direct observation of the action of
LiBr and other neutral salts in high concentration
on unfixed tissue sections.
7. Both the practical and theoretical implica-
tions of these findings have been discussed, and
the suggestion offered that the content of vesiclcs
and bullac is partially composed of substances
originating from both epidermis and corium.
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DISCUSSION
Dr. Steigleder are due to the fact that the cells
gradually degenerate in the lithium bromide solu-
tion.
DR. RICHARD B. STOUGHTON (Cleveland,
Ohio): A few years ago we worked with urea and
lithium bromide on fresh skin and were able to
produee aeantkolytie changes. We noticed that
DR. HERMANN PINKu5 (Monroe, Michigan):
I would like to ask Dr. Steigleder, if he has used
any other salt solution besides lithium bromide.
Starieeo and I used sodium bromide for sepa-
rating the dermis and eorium and I have the
impression that the lithium probably produces
more cellular damage than the sodium ion, that
the bromide probably is not toxic in either ease. such ehanges could not be produced when the
I wonder if some of the ehanges demonstrated by skin was frozen or fixed in any way beforehand.
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I want to ask Dr. Steigleder if he had any chance
to do some work on skin that had been frozen
beforehand or fresh skin treated in any way with
lithium bromide.
DR. GERD K. STETGLEDER (in closing): Phaner-
osis defines the appearance of material in a
histological specimen which was present before
but not visible. The term was nsed by Ranvier
(Steigleder, Arch. klin. exp. Dermat. 206:
276—317, 1957). Acid mueopolysaccharides may
be bound to proteins in such a way that they
cannot be demonstrated by the usual technics
(Steigleder, Dcrmatologiea (BaseD 118: 154—161,
1959).
I agree with Dr. Pinkus that LiBr used in high
concentration causes severe damage to the
epidermis, but this was necessary for our special
purpose. We also used other electrolytes. It is
difficult to compare the action of various electro-
lytes on skin, as has been discussed in detail in
our paper. Herrmann and March (Med. Clin.
North America 43: 635—654, 1959) gave a very
good review of this subject.
I agree with Dr. Stoughton that previous fixa-
tion prevents the action of LiBr. I also agree
that the damage caused by LiBr may occasionally
mimic acantholysis, but we feel certain that this
process is fundamentally different.
